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WTTAT IS CLAIMED IS : 

\. A method of recovering, at a destination node of a 
packet-based telecommunications network, the timing clock of a 
service input at a source rLde of said packet -based 
telecommunications network, \ the destination node and the source 
node having a common network! clock, comprising the steps of: 

(a) at the source node! dividing the timing clock of the 
service input by a factor of \*n integer N to form residual time 
stamp (RTS) periods; 



(b) at the source 
modulo 2 , where 2 is le 
cycles within an RTS peri 
uniquely and unambiguousl 
clock cycles within an RTS 



anc 



rer 



tpenc 



sent 



iunting the network clock cycles 
he number of network clock 

hosen so that the 2 P counts 
the range of possible network 

Id; 

(c) transmitting from the iource node to the destination 
node an RTS at the end of each RTS period that is equal to the 
modulo 2 P count of network clock fcycles at that time; 

(d) determining from the RTfL received at the destination 
node, the number of network clock tycles in each RTS period; 

(e) generating a pulse signal from the network clock at the 
destination node in which the periok between each pulse in the 
pulse signal equals the determined ipber of network clock cycles 
in the corresponding RTS period; ar 

(f) multiplying the frequency if the pulse signal generated 
in step (e) by the same factor of an Integer N used in step (a) to 
recover the timing clock of the servide input. 
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2. The method of'Uaim 1 wherein the network clock 
frequency is less than o\ equal to twice the service clock 
frequency. 

^. A method of recovering, at a destination node of a 
packet-based telecommunications network, the timing clock of a 
service input at a source ntde of said packet -based 
telecommunications network, \the destination node and the source 
node having a common ne^oTkT^ock, comprising the steps of: 

(a) at the source \ode,\ dividing the timing clock of the 
service input by a f actor\ of >/ integer N to form residual time 

stamp (RTS) periods; 

(b) at the source note, tividitfg the network clock by a 
rational factor to f orm-a-4e^r±kd network clock; 

(c) at the source node, Counting the derived network clock 
cycles modulo 2 P , where 2 P is less than the number of derived 
network clock cycles within an Us period and P is chosen so that 
the 2 P counts uniquely and unambiguously represent the range of 
possible derived network clock lycles within an RTS period; 

(d) transmitting from the Isource node to the destination 
node an RTS at the end of each rU period that is equal to the 
modulo 2 P count of derived netwolk clock cycles at that time; 

(e) at the destination nodi dividing the network clock by 
the same rational factor used at the source node to form a derived 
network clock equal to the derive^ network clock at the source 
node ; 
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(f) determining from the RTSs received at the destination 
node, the number of derived network clock cycles in each RTS 
period; 

(g) generating a pulse Signal from the derived network clock 
at the destination node in which the period between each pulse in 
the pulse signal equals the determined number of derived network 
clock cycles in the corresponding RTS period; and 

(h) multiplying the frequency of the pulse signal generated 
in step (g) by the same f^ctoTlof «^ integer N used in step (a) to 
recover the timing clock of tfce\ service input. 



iwhereii 



the derived network clock 
the service clock 



4 . The method of claim 
frequency is less than or equa^ 
frequency. 

^. Apparatus for recovering, at a destination node of a 
packet-based telecommunications rletwork, the timing clock of a 
service input at a source node of I said packet -based 
telecommunications network, the destination node and the source 
node having a common network clocA, comprising at the source node 

dividing means for dividing the timing clock of the 
service input by a factor of an integer N to form residual time 

stamp (RTS) periods; 

counting means connected to the network clock for 
counting network clock cycles moduli 2 P , where 2 P is less than the 
number of network clock cycles withAi an RTS period and P is 
chosen so that the 2 P counts uniqueli and unambiguously represent 
the range of possible network clock cycles within an RTS period; 
and 
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transmitting means, Usponsive to the RTS periods formed 
by said dividing means and the! count of said counting means, for 
transmitting over the telecommunications network an RTS at the end 
of each RTS period that is equal to the modulo 2 P count of network 
clock cycles at that time; 1 

and comprising at the destination node: 

receiving means for receiving the RTSs transmitted over 



the telecommunications ne 



in which the periods between 
numbers of network clock cyclete 
network clock cycles within said 
means for multiplying 



said transmitting means; 



converting mearfs responsive to the received RTSs and the 
network clock for converting \hlr4eived RTSs into a pulse signal 



ses are\ determined from the 
Lssojiia'ted with the counts of 
RTS periods; and 

the frequency of the pulse signal 



generated by said converting meahs by the same factor of an 
integer N used in said dividing (neans for recovering the timing 
clock of the service input. 

6 . Apparatus in accordanck with claim 5 wherein the network 
clock frequency is less than or ^qual to twice the service clock 
frequency. 

7. Apparatus in accordanc^ with claim 5 wherein said 

converting means comprises: 

means for sequentially Istoring the received RTSs; 

1 p 
means for counting netwbrk clock cycles modulo 2 ; 

comparing means for comparing the modulo 2 P count of 

network clock cycles with a storei RTS and for generating a pulse 

each time the count of network clojpk cycles matches the RTS; and 
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gating means for gating to said multiplying means, for 
each sequentially received anl stored RTS, the pulse produced by 
said comparing means that occuls after the counting means counts, 
starting-in-time from the previous gated pulse, a number of 
network clock cycles that is greater than a predetermined minimum 
absolute number of network clocjc cycles that can occur within any 

RTS period. ^-^T^v 

^. Apparatus for n-^rlng^ at a destination node of a 



packet -based telecommuni 
service input at a source nodj 



node having a common netwc 



/work, the timing clock of a 



packet -based 



telecommunications network, tie destination node and the source 



first dividing means fbr dividing the timing clock of 



Uprising at the source node 



an integer N to form residual 
or dividing the network clock by 



the service input by a factor of 
time stamp (RTS) periods; 

second dividing means 
a rational factor to form a derived network clock; 

counting means connected to the network clock for 
counting derived network clock cjcles modulo 2 P , where 2 P is less 



k clock cycles within an RTS 
P 



than the number of derived netwoi 

period and P is chosen so that thk 2 P counts uniquely and 
unambiguously represent the rangelof possible derived network 
clock cycles within an RTS period A and 

transmitting means, resjbnsive to the RTS periods formed 
by said first dividing means and tie count of said counting means, 
for transmitting over the telecommunications network an RTS at the 
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end of each RTS period that Is equal to the modulo 2 count of 
derived network clock cycles lat that time; 

and comprising at the destination node: 

receiving means f orlreceiving the RTSs transmitted over 
the telecommunications network by said transmitting means; 

means for dividing the network clock by the same 
rational factor used at the source node to form a derived network 
clock; 

re to the received RTSs and the 
the received RTSs into a 

pulses are determined 
cycles associated with 



converting means 
derived network clock for c 
pulse signal in which the p 
from the numbers of derived 
the counts of derived 
periods; and 



resptons: 



mvei 



iriodp 



stwfcrk ci6ck 



tck cycles within said RTS 



means for multiplying the frequency of the pulse signal 
generated by said converting meanl by the same factor of an 
integer N used in said first dividing means for recovering the 
timing, clock of the service input. 

9. Apparatus in accordance Lth claim 8 wherein the derived 
network clock frequency is less th^n or equal to twice service 

clock frequency. 

10 . Apparatus in accordance w^th claim 8 wherein said 

converting means comprises: 

means for sequentially storing the received RTSs; 
means for counting derived \network clock cycles modulo 

2 P ; 
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comparing means fol comparing the modulo 2 count of 
derived network clock cycles\with a stored RTS and for generating 



a pulse each time the count 
matches the RTS; and 

gating means for 
each sequentially received 
said comparing means that oc 



srived network clock cycles 

said multiplying means, for 
,n4 stored RTS, the pulse produced by 
after the counting means counts, 



starting- in- time from the previous gated pulse, a number of 
derived network clock cycles tftat is greater than a predetermined 
minimum absolute number of derived network clock cycles that can 
occur within any RTS period. 

Ap paratus for- gener a ting a representation of the 



r-eiatinnshiP ^t^T^h e ~^ n, \ na clo<.k of a oo^i^-input , afc _a 
gn „ rr p node of a packe t - -h aH Pri telecommunications network , and a 
network Hnnlc. th *» apparatus comprising: 

(a) m Qa n«. at t b » annrre node, defining a residual time 



at- amp (RTS) 
r-lnHc cycles; 

(b) means , 



•integral nnmtfer N of source-nnrie service 




service clock freauen, 

SSI ^anfi at/th e ^irrP node for counting the derived 
network clo^ ryAaa m o Hnlo ifi in an PTS period and; 

(d ) - fla j /f 0 r transmitting f™«. the source node an RTS that 
_ m nH„ln 16 count of derived network clock cvcles^Ln 

the RTS period. 
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^ Apparatus fnr Irecovprina. a t a destination node of a 
P^WPt-baged telecommunicatio ns network, the timing clock of a 
QPrvice input at a sourck nod * of the packet -based 
h.^mmmuni^Hnna net w oU wherein the destination and source 
nnHp, have * mmmnn ne t work clock or divided network clock and 
wherein the ^rvice n o d* Generates a residual time stamp (RTS) 
c-irrnal eaua] i-» * modul o iV nnnnt of cycles based on the network 
clock: the appa ratus comprising: 

rs signal; 



means for rece iviaa thl 
means for determining tl 



number of network cvcIp s in an RTS 



period from the BTfi siankl -.ssfid 

rp. pnn.ive t n^hP determining means for generating a 

rpmvsry of the timi ng clock of 



clock s i gnal wh ioh repress 

the service input . 

Ap paratus for aenerat U a representation of a timing 
.lork of a ^rvi.P intm i- * "Atcp node of a packet -based 
t-o-i^ommuni^t-ions netwo rk w herlin a common network clock or 
Hiv-ided net^rk olock i° p rovided for the source node and a 
destination node: i-ne apparatus comprising: 

jjZl moa n g for de f ^nr, a tiil^e interval by a fixed number of 

service clock e yries: and 

(b) for g P n»r^ina a digital representation of a 

OT r <anm of a r ^^ P -d actual nnmAer of network clock cycles 
M ^Mn the tl™ <^>rv„l f rom an exiect ed number of network clock 

within t-n. him, interval, thi vari ance being within a 
defined time ^n^nw which ™~-«™ndi to a freguency variation of 
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^ Q .nnrce-r^P .Prvice M oik and which surrounds the expected 
number of network Hnrk cycles. 

14 . The apparaMis of c p im 13. wherein the digital 
r, p rp H pnt a tion r,pr ftHe nt a « U™»n number of the least significant 
hit-g of the quantised 3 rM, a l Lmber. the chosen number being 
cnffiriPnt to r, P rP Hft nt a ranlre of va riances based on the source- 
node service clcy k variation.! 

15 . ThP apnaratu^f-^im ? * wherein the chosen number is 

4 . 

l\6. ar parat-.ua f V A»rnjj /inn at a destination node of a , 
ra HrPl- -based ^1 ^ommun\c l^ ^ ^ timinC t cl ° Ck ° £ 5 

Mrv ^ fi inw- »*- * fi nurcL ^ Lf network, wherein a common 

...work clo^v ™- divide ^ ^wdirclhck is provided for the 
^cMnation ™h» and the sourcJ nod e and a time interval is 
H.fined bv a <Hv»rt numbe r ^ *rLce-node service clock cycles,- the 

ap paratus compr ising: 

~— f»r- reiving a H^i lal representation of a variance of 
a quantized a^nal numbe r ^ network clock cycles from a nominal 
n„,nw of n^t clock cvH ps ii thi n the time interval, the 
M r^n m bei ~ g w<t-hin a d efined I fime window which corresponds to a 
^rrP-node corv ^ ^ r.loc* Nat ion and which surrounds the 
nominal nnmher of r ework clock Cycles; and 

moa n fi for rec^^no the solrce-node service clock at the 
Hpatinati^ node bv i nstructing a timing signal at the 
destination node b ased on the variance. 

>p p a r a n, a fo r constrict inn, at a destination node of a 
parket-ba^ t-«1 ecom m iini rations njetwork, a timing clock of a 
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9Prvice jppnt at a source \nod e nf the network, wherein a common 
r^t-wnrk c]nck or divided nktw o rk clock is provided for the 
nVstination node and the sL rce node and wherein the, 
rpmn S truc^^nn is based on lsuc o*ssi ve modulo 2 — numerical 
representations of th e nnmbler of network clock cycles within 
rnrrMPondjnn predete ^ H^dfe^j per iods , each of the numerical 
rppr. se ntation fl being r ^^Wrom the source node and being less 
than the art-nal number W nifcwgrT^clock cycles within its 
corresponding time p e riod: tie apparatus comprising: 

m p ans for receiving the ^nmer icaT. representations in 
succession at the Hsst iriat > it3nV-rt6dej. 

m*xr,« for converter the! r e vived numerical representations 
into successive fixed H mP intervals, wherein each successive 
i nerval corrpsnnnds t o rh* mlber of network dock cycles in a 
corresponding one o f i-h« predetermined time periods; and 

m 0a r, g for recovering the s o urce-node service clock from the 

fixed time int ervals. 

18. Th» apparatus of clai^ n ■ wherein the converting means 

furthe r comprises: 

for sequentially sto ring the successive modulo 2' 

numerical repr esentations; 

moa n a for comparing the sur vive numerical representations 
with a modulo 2 P ™""t of the netWork clock cycles at the 
rU«M natio" nnH, to g e nerate, a coinnari son signal for each match 
between the nnm^rieal representation anci the modulo 2 P count at 



the destination node: and 
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™ oa n g for successively fle e ring from fhP ^° m P arison si q nal 
,-hP numerical represen t i nns\ occurring after a predetermined 
^nimum number nf network cl oAk c ycles which can occur within any 
„f t-he nrede^™-ined tin . - P ^ U^ wherein the successive selected 
numerical repr-e^eni-at i o n« Hefin> the successive fixed time 
i ntervals . 

^. * method fo r generating a signal at a source node for 
a source;>aogn 



use in recovering 



nn^ P in a packet- -based rXe commukicaV i ons network, wherein a 



-vice clock at a destination 



network M nr.k or di vided iU* Q r k clock is provided for the 
...rrp and delation no He l rhe\ steps W the method comprising: 
^f^^ q a rime in^ w ^hv } fitted number of cycles of the 

source -node ser vice clock; 

^^n<n n an actu al number jof cycles of the network clock 

within the time interval; 

^^n^ Ta numeri c Hevia lion of the actual number of 
np^rk clock from ^her Aumber of network clock cycles 



known nomin all y ^ be within the time interval,- and 
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na H.,nrk dor* wit-hin th e Aime interval arid a numerical deviation 
^ ^ ,etu>i """her of n»lwnrk clock cycles from another number 
nf network rlork cvcIpa kniwn m minallv to be within the time 
i nerval ar° ^t.rmin e ^ trie steps of the mefhod comprising: 

, 0 . 0 nnna a digital siln a l representing the numerical 
H.v^H fl n tr^omit-ted tb ™,i h the network from the source node,- 

and \ 

ray ^^ q a timi n g c-jgAal corresponding to the source-node 

cprvirP cloc^ ™ t-he bas ^fUhe digital signal representing the 

numerical devia tion. C^T ""V\ 

2>^. a mPthcd for r-pJveAn g , at a destination node of a 
p^kPt-baseH ^lerommu^ ^i^ n^^ a timing clock of a 
gp-rvirg inr»r *<- * sou ^" nlde WlW packet -based 
t-plp.nmmunic ^^n. network WWiTa common network clock or 
HiviHpH netw^v rlnrlc is oro v i did for the destination node and the 
source node- the ste p * nf the method comprising: 

^n-8ng a rime i n tp^al hi a fixed number of cycles of the 

source -nnde serv ice clock; 1 

^^^^ an actual n.unVwi of cvcl »n of the network clock 

within th e time interval; 1 

^»m.<nina a ~ vioal deviation of the actual number of 

n-t-wnrk cloc^ rynm from ^hJ number of network clock cycles 
known nom^anv to b e within the ill me. interval ; 

^ne^Mna a Hiatal signal Representing the numerical 

deviation; \ 

the di g <-i to the destination node f and 



- 29 -1 



Docket No. 6 50-U 
FLEISCHER-LAU CAbu" 



gpnerating a timing bi anal at thP destination node 
rnrrp fl n 0 ndina to the gourde node service clock on the basis of the 
digital signal and a signal from the network clock. 

22. The method of cllim 21 wher ein the numerical deviation 
is determined as a function! of rhe fixed number of source-node 
Bft rvice clor-k cycles. t-hP flecruencies of the network clock and the 
anurfle-nodfi service dock. \nd a frecruencv variation of the 
source -node se rvice clock. 

23. ThP method of clajja Si further including the step of 
employing a mndnlo 2 P c ^^AToVrenerate the numerical deviation. 

2^4. Apparatus for genera t ing a signal at a source node for 
„«p in reco^rina a s o nrrP-Ud^eTv^ clock at a destination 
nndP. in a paHcP.t -baa e d telecbmLni cations network, wherein a 
rvMmnnn network Mock or Hwta^network clock is provided for the 



source and dpstinati on nodes: tine apparatus comprising: 

m p a n« for defining a time L rerval bv a fixed number of 
cycles of the sou rce -node service clock; 

mp^ns for determining a n actual number of cycles of the 
nptwork clock within the rime interval; 

mp^ns for determining a nu m erical deviation of the actual 
m1 ,hPr of network cloc k ryrl ps fiom another number of network 
.inrk cycles known nom i nally to bl within the time interval,- and 

m p.ns for generating a digi tal signal representing the 
numerical de^»Mnn for ^ansnn s> ln through the network to the 



destination node, 
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cnnrrP-node «»rvi re clo rk 4les. the frequencies of the network 
.i^V and th» a nnrr ft -nod e clork, and a frequency variation 

of the source-node serv ice cldck. 

2 6 . The apparatus of claim 24 wh erein the numerical 
H^^ion defining means incudes a modulo 2 P counter which 
generates the numerica l deviation, 

27. ThP apparatus of clai A wherein a value of 2 F is 16 
Ap paratus for recove H j^a source-node clock at a 

Hp B fi nation nnfl fl in a Pf6ket -ba seVl communications network, 



wherein a common netw ork c 

-ided for the source and d 



Idfck or! 



provic 



iation 



ided network clock is 

eg and wherein a time 



<^.r Ml is d -f*"»H hv a f W^ UumUr of cycles of the source-nod e 



a .rvinP clocv , wh.re j n a r 4ctuJn number of cycles of the 

n^work clock w^Mn th e n inr^Xal and a numerical deviation 
of th» actual n, m hPr of r ework clolk cycles from another number 
of rework d^k rvrles known nominally to be within the time 
interval ar* deter m ined , the apparatus comprising: 

for recei v ing a digital signal representing the 
n^Hral delation tran ^tt^d through the network from the 

source node : and 

— for ^neratin ^ ^ timing sioVial corresponding to the 

.nnrrP-node clo c k on the basis\of the digital signal 

representing the numerical deviation. 

Ss. ap paratus f o T- revering, at. k destination node of a 
panket-bas^ tPl ecom m nni rations networkA a timing clock of a 
service input- at a so nr-re node of the paAket-based 
i-^rommun^aMnns net work, wherein a common network clock or 
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HnnHpd networv rrnrk is nro v L for the destination node and the 
source node: the apparatus comprising:. 

,p a n a for denning a\ti m * interval bv a fixed number of 
nyr-iaa of t-he source -node servitae clock;, 

m^ans for ^^rminina U actual number of cycles of the 

network rlock wi rhin the H ™e interval; 

mpana for Hgi-ermini n g k numeri cal deviation of the 
a ^naT numbe r ^ n^work <r1^TcX^ from another number of 
nptwnrV clorv kn o w n nominab jto be within the time 

interval ; I ^\ } 

m ^r, a fnr > ^itaT/signal representing the 

numeric? 1 deviation; \ \ 

means for transmitt ing thU digital signal to the 

destination nod e: and \ 

m p a n a for ae n ^f^na a tilling signal at the destination 

nn^ m rr MPO "^n n fn the omir-rP-noA service clock on the basis 

of tbP diait-^i ^ianal a r ~ » Vernal fLn the network clock. 

30. ThP an P aratn« nf clai m ^ wherein the numerical 
Nation io H^rmined *° a funrtiJof the fixed number of 
O p„^-node olook cycles the \f reguenH es of the network 
.1^ and th e -on^-node service clock and a frequency variation 
of the smiroe-no de service clock. \ 

31 . tHp apnaratnc of claim ™ wheiein the numerical 
^H.Hnn de^^nina mean s includes a iLiilo ? P counter which 
generates the num erical deviation. \ 

32^ tHp apparatu s ^ Maim 29 whereAn means are provided for 
carr ying any fractiona l rework cvcl e in aW time interval for 
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w ,«.w^r-k cvcle nnnnHn a (U )^ "oHnlo 2 P confer for counting the 
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